Our aim was to determine the incidence of prediabetes and risk of developing cardiovascular disease (CVD) in women with polycystic ovary syndrome (PCOS). This prospective, observational study included 148 women with PCOS, without Type 2 diabetes mellitus (T2DM) and CVD present at baseline. In the fasting blood samples, we measured lipids, glucose, and insulin levels during oral glucose tolerance test, levels of C-reactive protein (CRP), steroids, 25-hydroxyvitamin D (25-OHD), prolactin, thyroid-stimulating hormone, and parathyroid hormone. The follow-up period was 3 years. At baseline, prevalent prediabetes was present in 18 (12%) of PCOS cases and it progressed to T2DM in 5 (3%) of the cases. Incident prediabetes during the follow-up was noted in 47 (32%) women or 4.7 per 1000 persons/year. Prediabetes was associated with elevated body mass index (BMI) (odds ratio In addition, cardiovascular risk in PCOS women with prediabetes was high (hazard ratio = 1.092, CI: 1.036; 1.128, p < 0.001). We showed association of prediabetes with high BMI, IR, markers of inflammation, LAP, and low serum 25-OHD concentration. IR appears to be more relevant than the other predictors of prediabetes risk in this study. PCOS women are considered as a high-risk population for prediabetes.
INTRODUCTION
Polycystic ovary syndrome (PCOS) affects between 5% and 8% of women and is characterized by androgen excess and increased risk of diabetes and heart disease [1, 2] . In prospective trials, Moran et al. showed a prevalence of prediabetes of 35%, prevalence of Type 2 diabetes mellitus (T2DM) of 10%, 5-10 fold risk of progression from prediabetes to diabetes, and a 4-7 fold higher risk of T2DM in PCOS patients [3] . Insulin resistance (IR) appears to be central to the pathogenesis of androgen excess in this population and also contributes to dyslipidemia and endothelial dysfunction [4] . Therefore, it is not surprising that PCOS is frequently associated with an increased risk for the development of cardiovascular disease (CVD) and metabolic syndrome [5] .
Accordingly, women with PCOS, in combination with obesity, cigarette smoking, dyslipidemia, hypertension, impaired glucose tolerance (IGT), and subclinical vascular disease are at moderate risk for developing CVD, while those with metabolic syndrome or T2DM are at high risk for CVD [6] . Data on prevalence and incidence of T2DM, and particularly data on CVD in PCOS patients, are very limited [7] . Inflammatory markers, such as C-reactive protein (CRP), were shown to be consistently associated with the incidence of T2DM in a population of otherwise healthy people [8] as well as in PCOS patients [9] .
This study was designed to determine the risk factors and incidence of prediabetes, as well as cardiovascular risk in women with PCOS. An additional goal was to determine the metabolic profile, including body weight, lipid levels, parameters of insulin sensitivity, subclinical inflammation, lipid accumulation product (LAP), and 25-hydroxyvitamin D (25-OHD) levels in women with PCOS.
MATERIALS AND METHODS

Participants
All the patients in this follow-up cohort study were recruited from the Diagnostic and Policlinic Department of the Clinic for Endocrinology and Diabetes at the University Clinical Center of Sarajevo. The study was performed according to the principles outlined in the Declaration of Helsinki and in accordance with ethical recommendations of the local Ethics Committee.
The study included female patients diagnosed with PCOS, aged 20-40 years, without acute and chronic diseases, diabetes and CVD, and with normal levels of thyroid-stimulating hormone (TSH), prolactin (PRL), and parathyroid hormone (PTH). PCOS was diagnosed according to the Rotterdam criteria [10] with clinical evaluation, laboratory tests, and echo-sonography. All the patients signed an informed consent.
There were 239 women with PCOS, of which 148 women without diabetes and CVD at baseline were included in the study, while 91 were diagnosed with T2DM and therefore excluded ( Figure 1 ). The mean follow-up time was 3 ± 1.6 years (years 2010-2015). Anthropometric and laboratory parameters were obtained annually. Out of the 148 non-diabetic women with PCOS, 130 were without prediabetes at the baseline, and were followed in order to obtain the incidence of prediabetes. The remaining 18 women with PCOS were diagnosed with prediabetes at baseline and were followed in order to obtain the incidence of T2DM.
Hyperandrogenism was defined as sex hormone-binding globulin (SHBG) cutoff value <30 nmol/L and free androgen index test (FAI) >5. The cutoff value of testosterone was >3.0 nmol/L. We calculated FAI using formula as follows: FAI = Total testosterone (nmol/L) × 100/SHBG (nmol/L) [11] .
Lipid profile, CRP, 25-OHD, plasma glucose, and insulin levels during oral glucose tolerance test (OGTT), steroids, PRL, TSH, PTH were measured from morning fasting blood samples with standardized assays. Fasting samples were obtained annually.
Anthropometric and biochemical measurements
Anthropometric data were collected at each visit, including height, weight, blood pressure, the Ferriman-Gallwey score [12] , and waist circumference. Hypertension was defined as systolic blood pressure ≥130 mm Hg, diastolic blood pressure ≥85 mm Hg for daytime ambulatory blood pressure, or the use of anti-hypertensive medications [13] . Body mass index (BMI) was expressed as kg/height in meters squared. Waist circumference was measured at the midpoint between the lowest rib and the iliac crest. A waist circumference greater than 80 cm was considered as a factor for increased risk of metabolic complications [14] .
Fasting serum 25-OHD concentration was measured in 88 of the 148 participants at the second visit. The reference range Homeostasis model analysis (HOMA) [fasting glucose (mmol/L) × fasting insulin (µU/ml)/22.5] was also calculated [15] , and IR was defined as HOMA-IR >2.5.
Additional information on smoking habits, physical activity, education, and employment status were collected by questionnaire. Education status was categorized as less or more than high school completed. Physical activity was designated as inactive or active. The participants were asked about current or former cigarette smoking habit, age at which smoking started and ended, and number of cigarettes consumed daily. Family history of diabetes was designated as negative, positive, or unknown.
Prediabetes criteria
Incident prediabetes was defined as an individual with fasting glucose <5.6 mmol/L at baseline examination and levels 5.6 to 6.9 mmol/L at the follow-up examination, thereby eliminating individuals with prevalent prediabetes [16] . Prediabetes is recognized through impaired fasting glucose (IFG) (glucose levels 5.6-6.9 mmol/L) or IGT (glucose levels 7.8-11 mmol/L) following a 2-hour 75 g OGTT given in the morning, after an appropriate overnight fast. Monitoring patients with prediabetes to assess their glycemic status should include at least an annual reassessment of fasting plasma glucose (FPG) or an OGTT [17, 18] . Values of hemoglobin A1c (HbA1c) between 5.5% and 6.4% are criteria for prediabetes diagnosis.
The NCEP ATP III criteria [19] for the diagnosis of metabolic syndrome included abdominal obesity (waist circumference >80 cm), triglycerides (TGs) >1.7 mmol/L, high-density lipoprotein (HDL) <1.03 mmol/L, blood pressure >130/85 mmHg, and glucose >5.5 mmol/L. LAP was calculated using the formula [20] The unpaired Student' s t-test and the Chi-square test were used for comparisons between two groups of continuous and categorical variables, respectively. The Pearson correlation coefficients were used to examine the relationships between variables. Multivariate logistic analyses were performed to evaluate the association between investigated variables and incident prediabetes. Logistic models were adjusted for the potential confounding. Incidence rates were calculated using person-time analysis. The participants were censored at the last follow-up exam that they attended.
Cox proportional hazards modeling was utilized to estimate the hazard ratios (HRs) of prediabetes across quartiles of CRP, LAP and HOMA-IR, and tertiles of 25-OHD. Model 1 included the CRP, LAP, HOMA-IR, 25-OHD, age, BMI, physical activity, education, and smoking habits. Model 2 included Model 1 variables plus waist circumference. All covariates were defined as their values at baseline examination. We used Cox regression to assess the risk of developing CVD according to the prediabetes incidence in the women with PCOS. All models were adjusted for prevalent prediabetes.
Furthermore, a supplemental analysis was conducted upon classifying the study participants into two groups, according to their BMI: PCOS women with elevated BMI and PCOS women with normal body weight.
RESULTS
Out of the total 239 women diagnosed with PCOS, 148 (62%) were without diabetes and therefore included in the study (Figure 1 ). At baseline, prevalent prediabetes was found in 18 (12%) of the 148 women with PCOS, and it progressed to diabetes in 5 (3%) of these participants during the follow-up period. Out of the 148 eligible patients, 130 (88%) did not have prediabetes at baseline. During the 3-year follow-up period, incident prediabetes was noted in 47 (36%) of the 130 women with PCOS, or 4.7 per 1000 persons/year.
As shown in Table 1 , the PCOS patients with incident prediabetes had similar frequencies of menstrual irregularity, hirsutism, echo-sonographic finding, smoking status, and education status as the PCOS participants without incident prediabetes. However, the women with PCOS with incident prediabetes had significantly higher levels of fasting glucose, fasting insulin, HOMA-IR, HbA1c, LAP, BMI, DHEA-S, and lower levels of 25-OHD than the women with PCOS without incident prediabetes (Table 1) .
Among the 148 women with PCOS, the relationship between hormonal, metabolic, and inflammation status and incident prediabetes was assessed during the 3-year follow-up period ( The risk of developing CVD according to prediabetes incidence in the women with PCOS was significant (HR = 1.092, CI: 1.036; 1.128, p < 0.001).
The Cox proportional hazard modeling showed that the prediabetes incidence was higher among the participants whose baseline levels of CRP, HOMA-IR, and LAP were in the highest versus the lowest tertile ( Table 3) . The relationship between 25-OHD and prediabetes incidence was also significant. The lowest and middle tertiles of 25-OHD were associated with prediabetes.
The characteristics of women with PCOS according to their BMI are presented in Supplemental Table 1 . Out of 91 women with PCOS with elevated BMI, 16 (18%) had prediabetes at baseline, while out of 57 women with PCOS with normal body weight, only 2 (4%) had prediabetes at baseline. The incident prediabetes was more common in the PCOS patients with elevated BMI as compared to the participants with normal body weight (OR = 1.089, CI: 1.010; 1.174, p = 0.026). The positive family history of diabetes was more common in the PCOS patients with elevated BMI as compared to the participants with normal body weight. There were no differences in menstrual irregularity, echo-sonographic findings, and smoking status between the two groups of patients with PCOS. The women with normal body weight were more educated, and they were exercising more frequently than the women with elevated BMI. The levels of LDL, total cholesterol, LAP, HDL/TG ratio, CRP, TGs, HOMA-IR and glucose and insulin 2 hours after OGTT were significantly higher in the PCOS group with elevated BMI as compared to the women with PCOS with normal body weight.
DISCUSSION
PCOS is the most common ovarian disorder related to the androgen excess in women, which explains the growing interest of endocrinologists to better understand the mechanisms of its development. In the last two decades, great efforts have been made to define PCOS [21] . Based on the well-known relationship of PCOS with IR, which is independent of obesity, a higher prevalence of prediabetes and T2DM in patients with PCOS is expected.
Our results indicate an association of prediabetes with high BMI, IR, markers of inflammation, LAP, and low serum 25-OHD concentration. IR appears to be more relevant than the other predictors of prediabetes risk in this study.
We showed a high prevalence of prediabetes (18%) in the women with PCOS with elevated BMI. Similarly, Legro et al. [22] demonstrated a significantly higher prevalence of both IGT (30%) and T2DM (4%) in obese women with PCOS as compared with control group of patients without PCOS (15.7% IGT, 0 T2DM). Furthermore, Ehrmann et al. [23] demonstrated a similar prevalence of impaired IR among women with PCOS (35% IGT, 10% T2DM).
Previous studies also suggested that the conversion from IGT to T2DM is accelerated in PCOS patients [24] . Accordingly, here, we demonstrated the conversion of prediabetes to diabetes in 3% of the participants during the follow-up period of 3 years. Furthermore, a similar study performed in women with PCOS and IGT reported that the conversion rates of prediabetes to diabetes ranged from 6% over 3 years to 13.4% over the period of 8 years in older women [24] . Interestingly, women who are obese, especially those with PCOS, have been recognized as specific high-risk subgroups for further development of prediabetes, T2DM, and potentially CVD [25] . Similarly, our results also showed that the incident prediabetes was more common in the PCOS patients with elevated BMI as compared to the participants with normal body weight. Women with PCOS with a positive family history of both T2DM and PCOS had an adverse metabolic and endocrine profile, including a linear increase in the risk of obesity, central fat accumulation, metabolic syndrome, prediabetes, and low HDL levels [26] . In accordance with these studies, our results showed that the positive family history of diabetes was more common in the PCOS patients with elevated BMI as compared to the participants with normal body weight. Likewise, the HOMA-IR, HbA1c, CRP, LAP, and 25-OHD levels were significantly associated with obesity. Furthermore, obesity significantly increased the incidence of prediabetes in the women with PCOS.
Smith-Marsh reported that the lifestyle improvement, including weight loss and increased physical activity, was effective in reducing the conversion of IGT to T2DM by 58% [27] . According to our results, a significantly higher number of non-diabetic women with PCOS were physically active as compared to the lower number of the PCOS patients who developed T2DM.
Adolescents with PCOS in South China had more metabolic abnormalities such as prediabetes, IR, hyperinsulinemia, dyslipidemia, and metabolic syndrome than their age-and BMI-matched non-PCOS counterparts [28] . Our study showed that the levels of LDL, total cholesterol, LAP, HDL/ TG ratio, CRP, TGs, HOMA-IR, as well as glucose and insulin levels at 2 hours after OGTT were significantly higher in the PCOS group with elevated BMI as compared to the PCOS group with normal body weight.
Furthermore, our data showed that the PCOS patients with incident prediabetes had similar frequencies of menstrual irregularity, hirsutism, echo-sonographic finding, smoking status, and educational status as the PCOS participants without incident prediabetes. However, the women with PCOS with incident prediabetes had significantly higher levels of fasting glucose, fasting insulin, HOMA-IR, HbA1c, LAP, BMI, and DHEA-S, as well as lower levels of 25-OHD than the women with PCOS without incident prediabetes. Many studies showed similar results [3, 29, 30] .
One-third of T2DM cases can be associated with elevated serum CRP. These findings substantiate a role of CRP as a possible candidate biomarker for early T2DM risk detection [31] . This was in line with our results, which also demonstrated a significant association between the CRP levels and prediabetes incidence. Interestingly, our data showed a significant association of CRP levels with the waist circumference, and the levels of fasting insulin, total cholesterol, LDL, LAP, HbA1c and fasting glucose in the women with PCOS. This is in line with the fact that women with PCOS often suffer from various metabolic disturbances. One of the emerging cardiovascular risk factors is LAP. A recent study performed by Wehr et al. [32] found that women with PCOS had significantly higher LAP levels than control group in age-adjusted analyses. Furthermore, they reported that OR for IGT in women with PCOS in the highest LAP quartile was significantly different compared to women with PCOS in the lowest LAP [32] . Our results showed that after adjusting for confounding, LAP was significantly associated with the incident prediabetes According to Wiltgen et al., LAP levels were better predictor than BMI for identifying adults at cardiovascular risk [33] . Furthermore, the cross-sectional study performed by Roa Barrios et al. [34] demonstrated that women with PCOS showed significantly higher values of the TG/HDLcholesterol (HDL-C) ratio than women without PCOS, which is closely related to waist circumference and IR. Thus, the TG/ HDL-C ratio could be considered as a useful and practical method to identify an increased risk of CVD in patients with PCOS. Here, we also found a significant relationship of LAP with BMI, waist circumference, HbA1c, total cholesterol, TGs, HDL, LDL, and TGs/HDL ratio.
The results of a recent study performed in U.S. adults suggested that lower serum 25-OHD levels are associated with prediabetes development [35, 36] . Recently, it was also demonstrated that 25-OHD deficiency may play a role in exacerbating PCOS and that there may be a place for 25-OHD supplementation in the management of this syndrome [37] . Furthermore, Li et al. [38] demonstrated correlations of 25-OHD status with insulin sensitivity, HDL-C, and CRP in PCOS patients, which support the increasing evidence that 25-OHD deficiency is associated with multiple metabolic risk factors in women with PCOS. Our results also demonstrated a significant association between the 25-OHD levels and prediabetes incidence in the women with PCOS, where the 25-OHD levels were inversely associated with the development of prediabetes, suggesting a potential benefit of 25-OHD supplementation in these patients.
Cardiovascular risk is very often associated with PCOS and with its metabolic disorders [3] [4] [5] 39] . Our data showed a high risk of developing CVD in the women with PCOS associated with prediabetes incidence.
This study has some limitations. We were not able to evaluate vascular endothelial function in the women with PCOS. If available, this analysis would potentially lead to better understanding of CVD development in PCOS patients. Furthermore, additional studies are necessary to confirm the potential benefits of 25-OHD supplementation in PCOS patients. Importantly, these strategies may potentially prevent the development of prediabetes and its progression into an overt diabetes, as well as hinder the development of cardiovascular complications in women with PCOS.
This study has a number of strengths including the longitudinal design. The prospective nature of the study ensured that all metabolic measurements were assessed blind to the eventual later prediabetes diagnosis. Furthermore, we were able to analyze a large number of covariates.
CONCLUSION
To the best of our knowledge, this follow-up study is one of the rare studies in which prediabetes incidence and cardiovascular risk were estimated in women with PCOS using a comprehensive set of hormonal, metabolic, and inflammation parameters and anthropometric measures.
Our results demonstrated a high incidence of prediabetes in women with PCOS and its association with high BMI, IR, markers of inflammation, LAP, and low serum 25-OHD concentration. IR appears to be more relevant than the other predictors of prediabetes risk in this study. The risk of developing CVD according to prediabetes incidence in the women with PCOS was high. Women with PCOS are considered a highrisk population for prediabetes.
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